The calculated energy reaction path, for the C-C bond cleavage in benzene, applying the classical C=C and C-C bonds.
Introduction
Due to its importance for the chemical and petrochemical industry [1] the thermal decomposition of polycyclic aromatic hydrocarbons (PAH) was subject of various experimental and theoretical studies. [1] [2] [3] [4] [5] [6] [7] [8] Ren et al. [3] investigated the reactions as initiated by insitu H atoms, produced from the thermal decomposition of methanol at elevated temperatures. The isolated products were formed through recombination of the formed radicals with the H atoms. Theoretical, quantum mechanical studies were carried out for the decomposition reactions too. [4] [5] [6] [7] On the other hand, theoretical as well as experimental studies were done for the addition reactions of C 2 H 2 to small aromatic hydrocarbons to yield higher PAH molecules and sooth [8] [9] [10] [11] . In recent papers the C-H bond rupture reactions were studied theoretically for the molecules benzene and toluene [12] as well as naphthalene and anthracene. [13] The Density functional theory (DFT) [14] and Hartree-Fock method were applied then. In a separate paper [15] the C-H and C-C decomposition chain for acenaphthene and acenaphthalene was studied applying the semiempirical PM3 method [16] . It was possible to follow the complete decomposition "chain" leading to the formation of acetylene as final product. In this paper we report a theoretical study for the C-C bond cleavage reaction, that forms an important part of the thermal decomposition, of the aromatic hydrocarbons; benzene, toluene and naphthalene.
Method of treatment
The density functional theory method of the B3LYP [17, 18] type and in the open shell form, was applied as it is programmed within the Gaussian 03 program system [19] .
The (6-31G) gaussian basis was applied. To study a breacking reaction for a definite bond, calculations were done for the energy of the molecule at various lengths of the corresponding bond. For all points along the reaction path, open shell DFT calculations were done for both singlet (S) and triplet (T) electron configurations. The treatment showed that for all discussed reactions, the (S) configuration was the more stable up to the transition state. After that the (T) electron configuration was more stable for most of the studied reactions.
For each energy value along the reaction path, which is chosen to be equivalent to the C-C internal coordinate, the bond length was kept constant, i.e. "frozen", while the other (3N-5) internal coordinates were varied to obtain the minimum of molecular energy. The so obtained energy values were plotted then against the "frozen" bond length values to yield the required reaction path. It was possible then to assign graphically and study the structure of the transition state and the product of the reaction ( Figure 1 ).
Results and discussion
The computation study of the benzene C-C bond rupture was initiated at the C-C Of interest are the calculated bond lengths, (C=C, 1.322Ǻ ,1.387 Ǻ; C-C,1.487Ǻ)
for the transition state; and (C=C,1.333Ǻ and 1.370Ǻ, C-C, 1.477Ǻ) for the final product. These lengths are typical for the conjugated alternant hydrocarbons.
[18]
C-C Bond cleavage in toluene
Obviously the problem is more complicated in the case of toluene than in benzene, due to the different types of the C-C bonds.
Different types of the C-C bonds exist for the different locations in the molecule,
i.e. C1-C2, C2-C3, C3-C4 and C1-C7. As for the C1-C2 bond cleavage, the hyperconjugation [20] to the CH 3 group is expected to influence significantly the proceeding of the reaction. The interaction with CH 3 is expected to be of a second order energy perturbation effect. [18] Figure 3 shows the calculated reaction path for the C1-C2 bond. According to the calculation results, the motion of both C1 and C2 atoms A further increase in the C3-C4 bond length causes a sudden decline in the energy of the reacting molecule and a shift towards the (T) electron configuration.
Cleavage of C1-C7 bond
Among the different C-C bonds in toluene the cleavage of this bond is most 
C-C bond cleavage in naphthalene.
Following the same scheme of work, the cleavage reactions of the different C-C bonds in naphthalene were studied. The gradual increase in the C1-C2 bond distance yields a change in energy which, when plotted against the varied bond length yields the typical bond rupture curve.
As may be deduced from the calculated reaction path too,, the (S) transition state is reached at a distance of 4.20Ǻ. The corresponding E a * is 226.640kcal/mol. The calculated reaction energy E r is 157.094kcal/mol. The geometry of the transition state and reaction product is shown in figure 8 . The coplanar transition state shows a 6π-e (4n+2) aromatic configuration. The final product is formed through a H . atom shift from C3 to C2 forming a terminal CH 2 .
A-B-
The H atom shift decreases the distance between the two radical centers of the molecule and thus allows stronger spin correlation between them and contributes stronger to the stability of the final product. Again, the C=C and C-C distances are typical for the alternate conjugated hydrocarbons too.
As for the C2-C3 bond, our computation study exhibits an interesting result; the cleavage of the bond leads to the rupture of the two neighboring bonds, C1-C9 and C4-C10 (Figure 9 ).
A-B- As for the C1-C9 bond cleavage, the DFT calculation did not yield a stable product. The drawn reaction path showed no transition state nor a stable final product ( Figure 10 ).
This result applies for both singlet and triplet electron configuration. Figure 11 shows the calculated structure of the C1-C9 opened naphthalene molecule. As can be noticed, the further increase in the C1-C9 bond leads to the increase in the "repulsive interaction of the clustered H atoms". 
Conclusion
Acording to the present theoretical treatment, the C-C bond cleavage in the aromatic molecules, benzene, toluene and naphthalene proceeds in most cases through aromatic transition states, which show typical bond alternation properties, i.e. 
